Wildfire cumulative frequency -area distributions of Mediterranean landscapes are examined for agreement with self-similar (fractal) behavior. Our results support landscape-specific restricted scaling regions of 1.5 -3.5 orders of magnitude in size, which are delimited by breakpoints or 'cut-offs'. By identifying the extent of such regions in the fractal frequency -area distribution of wildfires, fractal statistics may give a deeper insight into the scale-invariant dynamics of fire spread, whereas the observed cut-offs may be related to changes in the process -pattern interactions that control wildfire propagation at the landscape scale..
Introduction
developed the concept of self-organized criticality (SOC) to model the behavior of extended dynamical systems, which per-such as earthquakes, avalanches and various ecosystem properties (Bak and Tang, 1989; Sornette and Sornette, 1989; Noever, 1993; Jørgensen et al., 1998) .
The paradigmatic SOC model is illustrated by a simple pile of sand built by randomly adding a grain at a time onto a circular platform. The sand pile will grow, increasing its slope until at any position on the pile the slope becomes too steep and some grains will cause a microscopic avalanche falling off the edge of the platform. If we simply continue to add grains, the slope of the pile steepens and the average size of the avalanches becomes larger. The pile stops growing at the critical state, when for every grain that is added to the pile, on average one grain will fall off the edge of the platform. However, the sand grains do not fall off the edge of the platform one at a time, but rather causing avalanches of any size. The cumulative frequency -size distribution for such avalanches gives the characteristic powerlaw:
where N ( > S ) is the number of avalanches with size greater than S and a is the fractal scaling exponent (Bak et al., 1988) .
In other words, at the critical state, a large interactive system such as a sandpile follows its own emergent non-linear behavior, which could not be predicted from the dynamics of the individual grains. Such non-linear systems must be necessarily treated statistically without producing specific details. Therefore, robust power-law frequency -size distributions in the form of Eq. (1) are generally considered as the most striking signature of SOC.
Recently, Malamud et al. (1998) and Ricotta et al. (1999) showed that different wildfire time series from different regions and climates exhibit noncumulative landscape-specific power-law frequency -area distributions over many orders of magnitude, and that these distributions are consistent with self-organized critical behavior. This is not surprising because wildfires are highly complex events involving climatic, vegetational, and human factors as well as physical and topographic conditions. Thus, frequency and extent of wildfires on a regional basis show non-linear behavior without any simple way to predict specific details.
Nevertheless, the results of Malamud et al. (1998) contrast with the findings of Ricotta et al. (1999) that, like many other ecological data, cumulative frequency -area distributions of wildfire time series are self-similar only over restricted scaling regions. The aim of this paper is thus to emphasize the ecological implications of the observed restricted scaling regions in the frequencyarea distribution of wildfires and of breakpoints between them.
Data
We analyzed the frequency -area distributions of eight wildfire time series in highly frag- 
Results and discussion
As shown in Fig. 1 , wildfires spanned up to five orders of magnitude in size. Restricted power-law behavior can be seen to describe wildfire frequency -area distributions adequately across a restricted scaling range of 1.5 -3.5 orders of magnitude in size delimited by breakpoints or 'cut-offs'. Within each power-law region, the landscape-specific fractal scaling exponent a (i.e. the slope of the line segment in the double-log space) is close to constant suggesting that scale-invariant dynamics generated the observed frequency -area distribution. At both ends, different power-law regions equally describe the frequency -area distributions of smaller and larger fires.
The observed cut-offs were previously attributed to incomplete data and unreliable statistics at both ends of the frequency -area distributions and to extinction efforts, especially at the smaller forest fire areas (Ricotta et al., 1999; Malamud, personal communication) .
However, it is generally agreed that large fires are controlled by one set of environmental variables, such as wind velocity and direction, whereas smaller fires are most likely driven by another set of variables, such as local variations in fuel load and moisture, topography and landscape fragmentation (Pyne, 1984; Johnson, 1992; Bessie and Johnson, 1995) . In addition, one of the tenets of ecological hierarchy theory is that, for hierarchically structured landscapes, landscape spatial heterogeneity shows different patterns at different scales (Ricklefs, 1987; Kotliar and Wiens, 1990; O'Neill et al., 1991; Holling, 1992) . The cut-offs may therefore reflect more or less abrupt changes in the landscape-specific process -pattern interactions that control wildfire propagation, rather than statistical inaccuracies.
This effect is not new in ecological literature and has been shown to hold for a variety of other perturbation effects (Krummel et al., 1987; Milne, 1988; Meltzer and Hastings, 1992) . It is well established that similar restricted scaling regimes appear unavoidable in all natural systems where fractal dynamics plays a constructive role. In other words, all natural systems are only loose fractals (Hastings and Sugihara, 1994 ).
However, due to the relatively short periods of observation (varying between 43 and 15 years for the Mount Penteli and the Ribera d'Ebre data bases, respectively), the location of the upper cutoffs in the analyzed wildfire frequency -area distributions may also be biased by the limited number of very large wildfires with long repeat times and, consequently, very small frequencies.
Nevertheless, although still incapable of approaching five orders in magnitude, the fractal behavior of wildfire statistics gives new insights into a basic question in fire-related ecological studies (see Turner et al., 1994) . Since differences in the physics of wildfires influence the post-fire spatial and temporal dynamics of plant recolonization (Romme and Knight, 1981; Malanson, 1984; Turner et al., 1997) , determining the landscape-specific range of scales over which wildfire frequency -area distributions exhibit self-similarity may be of some significance for understanding whether large fires are simply quantitatively larger than small fires, or if they exhibit some qualitative difference that emerge after crossing some threshold in size.
